a maximum optimal dose to the tumour-bearing area. In order to achieve this, much work has been done in accurately estimating dose distribution throughout the tissues; and, in most treatments for cases of carcinoma, attempts have been made to estimate accurately the dose distribution, using multiple-field techniques. This has entailed a great deal of very tedious, purely mathematical work, which in experienced hands can be done quite quickly; but, with less experience, the work can take a very long time, and there is a margin of human error, which could result in damage to the patient.
The advent of computers has opened up the possibility that this purely mathematical summation could be done more quickly and easily. At first it was, of course, only an interesting but impractical proposition, but Tsien (1958) showed that computers could do this. Computers at this time were only in their infancy, and not readily available to hospitals. However, since then, computers have increased in size and efficiency and have become more generally available. Hospital physicists rapidly took advantage of this, and Sterling, Perry & Weinkam (1963) showed how computers could help in practice with the planning of radiation treatment. Very shortly after this, computer programs were made and used that produced treatment plans which were identical in appearance with those that radiotherapists had been using for years. The computer produced a mass of figures (see fig. 1 ) which were easily converted with an X-Y plotter to an isodose distribution form, with which all radiotherapists are familiar. (See fig. 2 .) The advantages of using computers for routine planning of treatment soon became apparent in the saving of time. If the original plan did not turn out to be the best possible, replanning could be done very quickly. We have been using computer planning in this way since 1963. Having used computers to do the kind of treatment planning we had previously carried out, it was soon apparent that, with the use of computers, improvements could be made. Computer programs were worked out to do three-dimensional planning to allow for the obliquity of x rays used in treatment on some surfaces of the body, and programs were worked out to define the correct radiation distribution of radioactive gold-grain insertions and radium implants for radiation therapy. Nearly all treatment planning has been carried out as though the human body consisted of homogeneous tissue-no allowance being made for different radiation absorption in bone, fat and air. With the advent of transverse tomography, it is now possible to get much more accurate estimations of the various volumes and areas of tissues of differing density, in any cross-section of the body.
The computer programs depended on the working out, by the therapist, of the angles, directions and doses of fields, with computers giving him the results of the estimations. Programs were then improved still further to enable the radiotherapist to outline what he considered to be the optimal dosage for a tumour, and the computer then to work out the number of fields required to give this optimum plan. A good example of this is working out the optimal x-ray treatment, supplementary to radium treatment for carcinoma of the cervix.
This resulted in a major advance known as optimization of treatment (C. S. Hope, unpublished work, 1965) , 1 which in essence is for the computer to give the radiotherapist a number of alternative plans, and for the radiotherapist to decide which he considers to be the most suitable, where previously he had been restricted to one, or-at the most-two plans. This enables the radiotherapist to formulate the reasons for his choice, which have been based on experience, and to convey these reasons, in a tangible form, to junior radiotherapists, thus helping in the training of radiotherapists.
Future Prospects
The major advances affecting radiotherapists are mainly in the form of presentation of data to and from the computer. Using a television-monitor presentation, the computer can now put isodose plans visually onto television screens, and the radiotherapist can, if not satisfied with the plan, directly alter the field size, position and angles, with an immediate response, and so enable an optimum plan to be drawn visually in a few seconds without any intermediary. In fact, this may take the place of a rather expensive piece of apparatus-in use in a large number of departments-known as a simulator, which is used to plan optimal treatment of a patient. These plans can of course be made at a distance and, with modern Telex telephone links, we have in fact obtained a treatment plan from a computer in the USA within a few minutes. The obvious advantage of this is that, while there are a large number of radiotherapy departments, very few of which could justify the expense of having a large computer, now, no matter how isolated a department, it could easily be in contact with a large computer and utilize planning by means of it. If a computer is readily available, it can be used to link up all the work of a department, which includes treatment planning, information storage and follow-up results. Figure 3 shows a flow chart of the whole working of such a department. The initial source of information is, of course, the patient; a decision must then be taken regarding the course of treatment and, subsequent to treatment, it is necessary to record results of both short-term and long-term follow-up studies, and to have available a method of rapid access and retrieval of these notes. Figure 4 shows the console (control panel) of a computer that enables the radiotherapist to plan the treatment, obtain the notes and evaluate the results (J. S. Clifton, unpublished work, 1966) .
2 This of course would be in the department, readily available to the radiotherapist, and all it would need is adequate linkage to a computer which could be a considerable distance away.
Is there any danger in the use of computers in treatment planning ? There could well be. In this Department, we have found that, although computers do not make mistakes, human error can-and does-occur, in putting information into the computer; and the computer can also break down, so that the resulting plan could be wrong. Therefore all plans must be carefully scrutinized by the clinician before being applied to the patient. A generation of radiotherapists brought up with computers and who know nothing about treatment planning may not be able to do this scrutiny critically. Thus
